In Escherichia coli the transcription of the lactose operon, like other catabolitesensitive operons, requires catabolite gene activator protein and 3', 5'-cyclic adenosine monophosphate in addition to ribonucleic acid polymerase. We isolated and analyzed lac+ revertants from a crp-strain of E. coli. We found that revertants with a higher level of expression only for the lac operon lie in the lac promoter region. These promoter mutations have no effect on operator or repressor function. Two of the revertants in which the lesions have been more precisely mapped carry mutations in the operator proximal segment of the promoter.
In Escherichia coli, ribonucleic acid (RNA) polymerase alone cannot efficiently initiate transcription at the promoters of catabolite sensitive operons. An additional factor, catabolite gene activator protein (CAP), in conjunction with a small molecule, 3', 5'-cyclic adenosine monophosphate (c-AMP), is required for maximal expression of such operons (5, 18) . Thus, mutants that lack CAP (crp-) or adenyl cyclase (cya-; the enzyme that catalyzes the synthesis of c-AMP) have pleiotropic effects. For example, these mutants produce low levels of the enzymes specified by the lactose, arabinose, maltose, glycerol, and rhamnose operons (11, 14) .
The maximal rate of expression of the lactose (lac) operon depends also on the base sequence of the promoter region. There exist mutants with both point mutations (L8, L29, L37) and deletions (Li) in the promoter and which produce lowered levels of lac enzymes (12) . Among the reversions of the L8 mutation that resulted in higher levels of lac expression, one (Pr L8-UV5) has been shown to lie in the promoter and to allow the lac operon to be transcribed efficiently by RNA polymerase in the absence of CAP and C-AMP (7, 15) .
Another way to isolate such Pr mutants is to select directly for mutants of the lac operon which are independent of-the CAP-c-AMP system. In this paper we describe the isolation and characterization of a large number of such mutants. Their properties provide more information on the nature of the lac controlling element region. By using analogous techniques, a strain with a mutation in the lac operon was isolated by deCrombrugghe et al. (4) , and a strain with a lesion affecting the gene for glycerol kinase was isolated by Berman-Kurtz and co-workers (3).
MATERIALS AND METHODS
Bacterial strains. The genotypes and derivation of the strains used are listed in Table 1. Media. Liquid cultures were grown in LB broth (9) . Minimal medium is M63 (9) . For f,-galactosidase assays, isopropyl-1-thio-,B-D -galactoside (IPTG; Schwarz/Mann) was used as an inducer at a concentration of 10-' M.
Minimal agar plates are M63, 0.2% of the appropriate sugar, 1.5% agar, and amino acids and other supplements, if required, at a concentration of 40 lAg/ml. 5-Bromo-4-chloro-3-indolyl-/3-D-galactoside (XG; Cyclo Chemicals) is a substrate for,B-galactosidase which when hydrolyzed yields a blue dye; however it is not an inducer of the lac operon. XG + IPTG (5 x 10-' M) medium was used to distinguish between the following lac markers in crp-strains: Pr (dark blue), P+ (light blue), and lac-(white). XG indicator medium with no inducer was used to distinguish constitutive (dark blue), inducible (light blue), and lac-(white) colonies.
Mutagenesis. Mutagenic treatment was done with 2-aminopurine (Schwarz/Mann) as described in Schwartz and Beckwith (13 
trp, strA L8.UV5, proA+B+ a Genetic nomenclature is that used by Taylor (17) .
the lacZ gene are killed on lactose-plus-glucose minimal medium because of the galactose produced by the hydrolysis of lactose (8) . However any P+ recombinants generated by recombination between the Pr mutation and the deletion do not express the lac genes if they contain the crp-mutation and will survive on this medium.
To select P+ recombinants, cultures of each mapping strain were plated on minimal agar with both glucose and lactose as carbon sources plus XG and IPTG. P+ recombinants are identified among survivors as light-blue colonies behaving like the control lac+P+ strain. In the X7947 background, approximately 50% of the survivors were light blue. To confirm that the episomes in these strains contained a P+ recombinant lac region, 10 colonies from each mutant were purified, and the episomes were transferred into Alac,crp+,cya+ and Alac,crp-,cyastrains. All crp+, cya+ derivatives were Lac+, whereas all crp-, cya-ones were Lac-.
In the X8508 (Fig. 1 ) background no light-blue survivors were found. Rather, the surviving colonies represent different types of mutants. Fifty survivors were purified from each cross and tested for galactose resistance, and their episomes were transferred into wild-type and crp-, cya-backgrounds. All [1] . Examination of a large number of revertants to lac+ yielded none in which the mutational event was linked to the episome.)
We next examined the mutations in the lac region for their effects on promoter activity in the crp+ and crp-background and for their effects on induction ratios. In Table 2 , it can be seen that the mutations represent a variety of classes, in the degree to which the lac operon is independent of CAP. However, none of the mutations has any effect on the levels of lac operon expression seen in a wild-type (crp+) background. Furthermore, assays of ,B-galactosidase for all 96 mutants, showed that only three had significant alteration of induction ratios. These three, bearing the Prl9, Pr2c, and Pr8d episomes, were all fully constitutive ( Finally, we showed that all five mutants analyzed in detail carry mutations that lie within or very close to the lac promoter region. These mutations la, 9, 19, 2c, and 8d gave recombination with deletion X8554 but not with deletion X8508 (Fig. 1 and Table 3 ). The three constitutive mutants were rather readily mapped against the promoter deletion LI (Fig.  1 DISCUSSION It has been proposed that the lac promoter can be divided into a site through which CAP action is mediated and an RNA polymerase initiation site (2, 7) . The first site is at least partially covered by the promoter deletion, Li, and the second lies in the operator-proximal portion of the promoter. The two mutations, 2c and 8d, which lie between Li and the beginning of the operator, are similar to the pr mutation, UV5, and can be explained as altering this region so that RNA polymerase interacts with it more efficiently (2, 7). A third mutation, P119, may lie either very close to Li or under it. If Pr19 lies under Li, it may represent a new class of promoter mutations that alter the CAP site so that it no longer requires CAP and c-AMP. In vitro transcription studies may help determine the nature of this mutation.
None of the lac Pr mutations significantly alter the maximal level of lac operon expression seen in a wild-type (crp+) background. Furthermore, none of these mutations have any effect on the inducibility of the lac operon. The three mutants that did show such effects were shown to be double (I-Pr) mutants. Thus, there is still no evidence from the promoter mutants isolated so far for any overlap of the lac P, I, and 0 functions.
